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Introduction
Over the last decade, there has been growing interest in diagnosing non-cavitated lesions in epidemiological studies involving large numbers of preschool and school-age children. [1] [2] [3] [4] [5] [6] [7] In this context, the assessment of lesion characteristics indicating whether or not there is ongoing mineral loss is also considered relevant. The reasoning sustained by these studies is that diagnosis of the caries process limited to the cavitated level is no longer in accordance with current state-of-the-art knowledge in cariology. In particular, it contrasts with the current understanding of the development and arrest of the caries process at subclinical and clinical levels.
One may argue that the threshold for caries diagnosis should be tai- lored to the aim of the epidemiological study, since arguments can be made both ways. 8 This is indeed a relevant aspect to consider because objectives may in some cases be achieved with the estimate measured only at a more severe stage of caries development. The need for operative treatment at the population or individual levels may well be measured by the diagnosis of the caries process into dentin or even into dental pulp. While this information is in itself important, when evaluated alone, it perpetuates the outdated concept that the caries process should be treated by restorations and extractions only. Thus, the contemporary needs for planning, delivery and monitoring of oral health care services at the population level are not fulfilled. 9 This is true for populations of children, adolescents, young adults and, to some extent, adults up to 45 years of age. 2, 3, 10, 11 Currently, the major challenge in the management of the caries process is to control caries progression, mainly by delivering non-operative treatments and by limiting the number of individuals in a population subject to operative treatment. 12 In this context, it is important to bear in mind that not all non-cavitated lesions progress to dentinal lesions requiring operative treatment, 8 but many of them certainly require non-operative treatment to control further caries progression. This paper highlights one topic of the lecture entitled "Caries Process: Evolving Evidence and Understanding" presented at the 18 th Congress of the Brazilian Association for Oral Health Promotion (Associação Brasileira de Odontologia de Promoção de Saúde -ABOPREV) in April 2013. In the framework of epidemiological studies, the interest in diagnosing active and inactive non-cavitated lesions was elucidated. However, relevant questions associated with the diagnosis of non-cavitated lesions that might raise concerns among researchers and health administrators were not addressed. The present paper aims to bring these questions into the discussion. The contribution of this discussion in terms of developing the available understanding of caries decline is analyzed by using data from a caries trends study in Brazilian preschool children residing in the Federal District of Brazil 13 as an example.
Are the field conditions suitable for the diagnosis of non-cavitated lesions?
A major challenge in carrying out epidemiological studies is to develop the conditions required to perform a thorough clinical examination for caries and other oral health conditions as these studies are carried out at nurseries, schools, nursing homes and in-home settings. This includes training and calibration of the examiners and positioning of the participant for clinical examination, in addition to obtaining good lighting, and clean and dry teeth. The field equipment should include at least material and instruments such as toothbrushes, dental floss, portable lights, mouth mirrors, periodontal probes, dental probes and gauze bandages. Additional material and equipment may be required according to the subject of study and the resources available to the researcher, institution or government responsible for carrying out the epidemiological survey.
Thorough clinical examination may be performed under field conditions, including the diagnosis of non-cavitated lesions, by having calibrated dentists assess caries activity and severity at the non-cavitated level, by having participants lie down on tables and having their teeth professionally brushed, flossed and dried with gauze bandage and by working with portable lights. Good lighting may be obtained by means of frontal lamps. It is recommended that the professional perform the brushing and flossing while the participant lies down and subsequently dry the teeth with a gauze bandage. 13 Thus, field conditions may become suitable for the diagnosis of non-cavitated lesions.
Is the diagnosis of non-cavitated lesions reliable under field conditions?
Several epidemiological studies recording noncavitated lesions have shown good reliability of the clinical assessments. [3] [4] [5] [6] [7] [10] [11] [12] Moreover, lesion activity assessment indicating whether or not there is ongoing mineral loss 14, 15 provides information of major importance for treatment decisions and implementation of strategies to control caries progression.
In our study, 13 two calibrated examiners examined 225 preschool children to verify intra-and inter-examiner reliability in the diagnosis of caries.
Is the extra time required to record noncavitated lesions in the field work a barrier?
Time is an important issue when it comes to epidemiological surveys at a national level or any other survey including a high number of participants. There is no doubt that more time is required to carry out a clinical examination that includes the recording of non-cavitated lesions than one limited to cavitated lesions. Depending on the system chosen, the time required to record non-cavitated lesions may be double that of the system recommended by the World Health Organisation. 17 Practitioners who are dealing with the recording of non-cavitated lesions for the first time spend more time than those who became familiar with it during their university training. In today's scenario, these aspects may be seen in the light of the increasing number of general practitioners whose university training in diagnosis of the caries process has been updated. In Brazil, this training seems to be spread across the country. In the near future, the recording of non-cavitated lesions will become very natural as a continuation of university training and this issue will lose its importance in due time. The extra time required to record non-cavitated lesions should not be considered a barrier, but should be taken into account when planning the field work.
What is the impact of non-cavitated lesions on caries prevalence and severity?
Our data showed significant differences in caries prevalence and severity when non-cavitated lesions were considered in the individual's caries experience. 13 In this context, it is worth mentioning that in our studies very few children presented inactive non-cavitated lesions only. These cases were included in the group of participants classified as caries-free. Figures 1 and 2 illustrate the percentage distribution of caries-free Brazilian 1-to 5-year-old children in Cohort 1996 (n = 1,465) and in Cohort 2006 (n = 2,511) according to two levels of examination. The children were classified as caries-free at two levels of examination. Free from any form of treated or untreated active as well as inactive caries lesions, i.e. d 1 efs = 0; and free from cavitated Under field conditions, the overall intra-examiner agreement showed non-weighted kappa values of 0.88 (95% CI 0.86-0.90) for examiner 1 and 0.83 (95% CI 0.80-0.86) for examiner 2. The inter-examiner value of 0.82 (95% CI 0.81-0.83) demonstrated almost perfect agreement. 16 We went one step further in our analysis in order to independently verify the inter-examiner reliability in the diagnosis of active and inactive non-cavitated lesions. We also showed the non-weighted Kappa values obtained for active and inactive cavitated lesions since these values might be of interest.
The inter-examiner reliability in the diagnosis of active non-cavitated lesions was 0.75 (95% CI 0.71-0.79), whereas for cavitated lesions the corresponding value was 0.81 (95% CI 0.79-0.84). These findings indicated substantial agreement for both non-cavitated and cavitated active lesions. Examiner 1 had participated in data collection in previous epidemiological surveys and scored higher numbers of active non-cavitated lesions than Examiner 2 who was dealing for the first time with an epidemiological survey. However, the difference between them was not significant (p > 0.06).
Additionally, the inter-examiner reliability in the diagnosis of inactive lesions was also measured at the non-cavitated and cavitated levels. The inter-examiner reliability for inactive non-cavitated lesions was 0.47 (95% CI 0.40-0.55), whereas that for cavitated lesions was 0.88 (95% CI 0.81-0.94). These results showed that the reliability of the diagnosis scores for inactive non-cavitated lesions was moderate, in contrast to that of cavitated lesions, which was 0.88 (95% CI 0.82-0.94), almost substantial agreement. 16 A more detailed analysis of our data looking at the intra-examiner reliability showed that Examiner 1 had a kappa value of 0.64 (95% CI 0.44-0.85) and the corresponding value for Examiner 2 was 0.57 (95% CI 0.32-082). Whereas Examiner 1 presented substantial agreement, Examiner 2 had moderate agreement that was probably reflected in the inter-examiner reliability. These results showed that the diagnosis of active non-cavitated lesions in the field work was reliable. However, the diagnosis of inactive non-cavitated lesions should be improved. lesions, fi llings and extracted teeth, i.e. d 3 efs = 0 (d 1 = decayed at non-cavitated level for both active and inactive lesions, d 3 = decayed at cavitated level for both active and inactive lesions, e = extracted, f = fi lled, t = tooth, s = surface). When comparing the percentages of caries-free children according to age and level of examination, signifi cant differences, from the age of 2 years, were observed in Cohort 1996 (p < 0.001). In Cohort 2006, differences were still present, but they were signifi cant at the fi rst level of examination only (p < 0.05). Concerning caries severity, signifi cant differences were observed between the mean number of d 1 ). The inclusion of active and inactive non-cavitated lesions gives a more realistic estimate of caries prevalence; at the same time, it gives further information about possible changes in caries activity and severity.
What is the impact of non-cavitated lesions on caries decline?
In our study, caries prevalence in preschool children decreased almost by half from 1996 to 2006. The number of children free of any form of treated and untreated caries increased signifi cantly in all age groups, as shown in Figures 1 and 2 (p < 0.05). A marked reduction in terms of severity was registered for d 1 eft/s scores from the age of 2 years (p < 0.0005). However, a significant reduction at the d 3 eft/s level was recorded at the tooth level only and limited to the 5-year-old age group (p < 0.0005).
The reduction in the rate of caries progression during early childhood manifested itself as a significant reduction in the number of cavitated lesions at 5 years of age. The recording of non-cavitated lesions had a major impact on the results of the caries trends study, 13 as it clearly showed that caries decline was still significant in the population studied. The observed caries decline was related to both active and inactive non-cavitated lesions.
Discussion
The traditional view that the diagnosis of the caries process is equivalent to that of cavitated lesions and that its treatment should be based on fillings and extractions is questioned in the present paper.
The main findings of the present paper were that the diagnosis of non-cavitated lesions was suitable and reliable when performed under field conditions and that the diagnosis of active and inactive noncavitated lesions significantly influenced caries outcomes.
There is general agreement that obtaining good conditions to perform a thorough clinical examination in the context of an epidemiological study is a major challenge. The present study described a methodology that circumvents this challenge, since it allows data collection with sufficient flexibility to be used in a variety of field settings and situations. It is therefore recommended for field work in countries with limited economic resources. This methodology was first implemented in the mid 1990s 1 and since then it has been used by our group for large epidemiological surveys. 2, 3, 13 Concerning the reliability of the diagnosis of non-cavitated lesions in field work, most of the values obtained were compatible, either with almost perfect agreement or with substantial agreement. 16 However, more efforts should be made to improve the diagnosis of inactive non-cavitated lesions, since it showed moderate agreement. In addition, experienced examiners seemed to score better than those who were dealing for the first time with an epidemiological survey.
Any system that records non-cavitated lesions requires more time for the clinical examination than the system recommended by the World Health Organization. This statement is in accordance with the literature, since the time required to record non-cavitated lesions may be doubled depending on the system chosen. 17 However, it should be appreciated that practitioners who are dealing with the recording of non-cavitated lesions for the first time will spend more time than those who are familiar with it. The information obtained by recording active and inactive non-cavitated lesions should, in one way or another, compensate for the extra time employed during field work.
It is important to bear in mind that, traditionally, the caries process has been diagnosed at cavitated level for both prevalence and time-trend studies. [18] [19] [20] [21] [22] [23] [24] [25] [26] Since the 1980s, a leveling out of the decline of caries in the primary dentition has been reported in the literature. 18, 20, 23, 24 In some countries, however, recent studies still documented a decline in mean defs scores. 2, 3, 19, 21 In agreement with our results, studies in the literature showed significant differences in caries prevalence and severity in children, adolescents and young adults when non-cavitated lesions were considered in the individual's caries experience. [1] [2] [3] [4] 7, 10, 11, 17 The recording of active and inactive non-cavitated lesions had a major impact on the results of our caries trends study, as it clearly demonstrated that caries decline was still significant in the population studied. 13 Finally, one may speculate about the reasons for the observed decline during the study period. The authors have no clear explanation, but they consider the following to be important. The children who participated in both cohort studies were from the same geographical area of the Federal District of Brazil, and were from low socio-economic backgrounds based on the family's monthly income and mother's educational level.
The children had daily access to fluoride as shown by the percentages of water samples, which fell within the standard range of 72%-84% (Cohort 1996) and of 78%-96% (Cohort 2006). 13 In addi- Other factors may have contributed to the caries decline, but they were not investigated in our study.
Conclusion
The interest in carrying out clinical examinations for caries diagnosis in epidemiological studies, which include diagnosis of active and inactive non-cavitated lesions, is highlighted in the present paper. By doing so, it was possible to demonstrate that caries prevalence and caries activity decreased significantly from 1996 to 2006 among Brazilian 1-to 5-year-old children, simultaneously with a reduction in the rate of caries progression.
The reduction in the rate of caries progression manifested itself first by a significant increase in the percentage of children who were free from any form of clinically treated or untreated caries, including active and inactive non-cavitated lesions, and, second, by a significant reduction in the mean d 1 eft/s scores in which non-cavitated lesions were included.
